Purpose: The purpose of this paper is to choose a optimal routing in fourth party logistics (4PL) with the objective of transportation cost minimization under reliability level constraint.
Introduction
With the growing of economic globalization, the transnational corporations' demand of logistics and supply chain management is increasing timely. (Chen, Xie, Fan, Li, Zhang & Huang, 2012) .
In order to meet the unique and special needs of the corporations, the fourth party logistics (4PL) emerged (Chen, Liu & Li, 2004) . The 4PL provider is a supply chain integrator that assembles and manages the resources, capabilities, and technology of its own organization with those of the third party logistics (3PL) providers to deliver a comprehensive supply chain solution. The customers can achieve their diversified integration solutions, and the fast, high-quality and low-cost logistics services will be provided (Yao, 2010) . The 4PL network is a complex engineered system due to its size and span. Its reliability has increasingly become one focus of business concern. However, the current planning and design of logistics network take little customers' demand of system reliability.
Genetic Algorithms (GA) is a general-purpose stochastic and parallel search methods based on the mechanics of natural selection and natural genetics (Potvin & Bengio, 1996) . Although GA is effective in solving many complex optimization problems, but it is poor in solving routing optimization of the 4PL. The chromosome length is variant. Hence, a Messy Genetic Algorithm (Messy GA) with double arrays encoding method is designed. The Messy GA uses three main operators: cut, splice and repair operator. These operators ensure the algorithms fast and effective.
In this paper, the reliability technology is applied into the 4PL routing optimization. We put objective factors that cause disturbances of transportation time into consideration, and the mathematical model is set up. Based on the NP-hard characteristic of the problem, we will use the Messy GA and the Enumeration Algorithm (EA) to optimize the model. The effectiveness of the algorithms is tested and compared by simulation examples. The results indicate that the Messy GA outperforms the EA.
Literature Review
The concept of 4PL was put forward in Accenture's report in 1998. Although many subsequent researches on 4PL were the extensive discussion of this concept, most of them focused on the concept interpretation of 4PL or on its qualitative discussion. Briefly summarized as follows:
-1098-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.1126 Bumstead and Cannons (2002) analyzed a series of problems from 4PL to the supply chain management and operation and explained the role of 4PL. Chen, Wang, Li and Liu (2003) introduced the concept of the 4PL and the decision supporting system in its operation. Bade and Mueller (1999) considered that 4PL can bring huge earnings to enterprises. The core ideas of these researches reveal the advantage of 4PL mode and reveal that 4PL become an inevitable trend in logistics industry development.
When study the basic theories, the role and advantages of 4PL, the extensive researches on operational aspects of 4PL gradually increase, such as the design, implementation, operational status, operational technologies as well as the problems that existing in its operation. For example, Li, Wu and Mei (2012) described the structure models of supply chain and problems existing in the supply chain management, based on the excellent management ability of the 4PL and its ability to plan and design the supply chain. Shao and Chen (2011) considered that the 4PL made great efforts to integrate logistics resources and the efforts influenced the output of the third party logistics. They also researched on incentive mechanism of the 4PL subcontract with principal-agent theory. Li, Lu and Sun (2012) discussed the four operation modes of 4PL in China in detail: coordinated operation type, integrated program type, innovative industry type, and dynamic alliance type. They analyzed those modes and internal and external logistics business environment, firm size and industry conditions that the four types of models adapt to. Zhang, Chen and Liu (2004) set up a target system of transporters. In the previous studies of 4PL, the parameters are fixed and deterministic, which is not realistic. In a real-world situation, the driving conditions could be affected by many factors, such as weather and human factors (D u & Yi, 2013) . Under this condition, we put objective factors that cause disturbances of transportation time into consideration. We describe the transportation time of the problem as random variables, and a real world 4PL routing problem model is built by using the reliability theory.
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Description of Problem and Mathematical Model

Description of Problem
A potential 4PL network is modeled as a directed graph G(V, E) . "V" denotes the set of supply, transshipment, and demand nodes. "E" denotes the set of the arcs, namely 3PL providers for transportation between two cities. There is one supply node and one demand node on the 4PL network. Each node has properties of cost and capacity. Since there may exist several 3PL providers for the transportation between any two nodes, there may have multiple arcs between two nodes (one arc stands for a 3PL provider), which results in a directed graph, which results in a directed graph. Each arc has properties of cost, time and capacity. Figure 1 is a directed graph for the 4PL routing optimization problem with twelve nodes. In this paper, the objective of the problem is to find a route (i.e., Origin-Destination pair) with minimum cost as well as subject to constraints on customer's requirement for reliability and capacity. 
The Reliability of 4PL
The route of 4PL is composed of cities and 3PL providers. It forms a parallel system. According to reliability theory, the reliability of 4PL can be calculated by continued multiplication of the reliability of 3PL. Here, each 3PL is seen as a logistics unit. In this paper, the transportation time of the 3PL providers is uncertain and has normal distribution. Hence, the reliability of logistics unit can be defined as the probability of the goods delivered in a timely manner. It can be calculated by formula (1): (1) -1100-Journal of Industrial Engineering and Management -http://dx.doi.org/10.3926/jiem.1126 R(t): the reliability of logistics unit.
T: the transportation time of logistics unit. We assume T ~ N(μ, σ 2 ).
t: the time limit of the customer's requirements.
Assumption of Model
• There is only one task between the supply and demand nodes.
• Each path on the 4PL network can not be reuse.
• The transportation time of 3PL providers is uncertain and has normal distribution. It is independent from each other.
Establishment of Model
The variables used in the representation of the routing optimization of 4PL with reliability constraints are defined as follows:
q ij : the number of 3PL provider between node i and j.
e ijk : the kth 3PL provider between node i and j, (i, j = 1, 2, …, n) (k = 1, 2, …, q ij ). r OD : Set of nodes and arcs in a route in directed graph. For example, r OD = {O, V 2 , V 3 , V 5 , V 7 , D}. The mathematical model for 4PL routing optimization problem with reliability constraints can be described as follows:
Where (2) is the objective function containing the costs of all nodes and arcs on the route; constraint (3) indicates the reliability of OD pair must meet customer's requirement; constraint (4) represents capacity of the selected 3PL provider must be not less than the transportation capacity L required by customer; constraint (5) denotes capacity of nodes in a route must be not less than customer required capacity M. Eq. (6) means to keep a balance of the network flow. Eqs. (7) and (8) ensure that the selected nodes and arcs should make up of routes from the source to the destination. Eqs. (9) and (10) represent that X ijk and Y i are 0-1 decision variables, respectively. Eq. (11) is used to ensure that the selected route is a legal one.
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Algorithm Design
The 4PL routing optimization problem with reliability constraint is a typical NP-hard problem.
According to the characteristics of the model, a Messy Genetic Algorithms (Messy GA) with double arrays encoding method is designed. In the following, we first describe the Messy GA in detail and then introduce an Enumeration Algorithm (EA), which is used to check the quality of the solutions obtained by the Messy GA.
The Messy GA
According to the characteristics of the model, a Messy GA with double arrays encoding method is designed. Messy GA differs from normal genetic algorithms in that they allow variable-length strings. The detailed description of the process can be written as below:
Step 1. Encoding. For the problem's characteristic, the double arrays coding method is Step 2. Initialization. Generate the initial population of PS chromosomes randomly.
Population size is PS.
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Step 3. Fitness function. (12) is 0 and the fitness value is exactly the objective value; if the solution violates some of the reliability constraints, its fitness will be penalized by an amount based on the constraint violations.
Step 4. Selection mechanism. The selection process is based on spinning the roulette wheel.
Step 5. Crossover operation. Perform crossover operations on pairs of selected chromosomes with a crossover probability Pc. For example, two genes A and B shall be exchanged in the crossover procedure. The crossover procedure is shown in Figure 3 .
After cut operator and splicing operator, chromosome A'' and B'' may be invalid. Therefore, repairing operation is necessary. We need to adjust the chromosome to ensure that it is a connective route. Detailed description of the process can be written as below:
Step 5.1. If there are same nodes on the route, delete one node and the adjacent arc. If not, go to
Step 5.2.
Step 5.2. If the new one is still a route from the source to the destination, quit with success.
If not, add all the nodes after the crossover point into the Set p . Define the node before the crossover point as the tracker node V t . Define the genes before the crossover point as the effective route L.
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Step 5.3. If the node V t  Set p , splice the route L with the route after the node which is V t  Set p , and the new chromosome is the legal route, quit with success. If not, select one node adjacent to the tracker node V t as the new tracker node V t+1 , and add the new arc to the effective route L.
Step 5.4. Determine if the trace node V t+1 is the destination node D, if it is a valid route, L becomes the new chromosome, quit with success; if not, turn to Step 5.3.
Step 6. Mutation operation. For performing mutation operation in the feasible solution space, select a chromosome randomly, and change the arcs of the adjacent nodes in Pm probability of mutation Operation.
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Step 7. Termination criterion. Check whether iteration times are over NG. If it is true, stop the process and output the optimum solution, else turn to Step 3.
The Enumeration Algorithm
To check the quality of the solutions obtained by the Messy GA, the Enumeration Algorithm (EA) is used. Because the solution space is very large, the EA is described as follows:
Step 1. Produce all the routes from the supply node O and the demand node D on the direct graph that satisfy the requirements of capacity and reliability.
Step 2. Calculate the fitness function value of every route. The fitness function is designed according to the objective function and reliability constraint of the model. And it is same to the fitness function of the Messy GA in Section 4.1.
Step 3. All the combinations of routes are checked and ordered according to the fitness function. The combination with the lowest fitness function value is the best solution.
Numerical Analysis
In this section, we present experiment used to investigate the performance of the proposed Messy GA for the routing optimization in 4PL with reliability constraints. The experiment is based on an instance as the test to compare the solution quality of the proposed Messy GA against the EA. All the investigated algorithms were encoded in Matlab 7.0 and run on a Core 2 2.83 GHz PC.
We use a 12-node 4PL routing optimization problem as the test example in this study. The topological structure is shown in Figure 1 . We assume that a 4PL company undertakes The node and arc data are given in Table 1 and Table 2 , where " vi" and "vj" mean the start and end nodes, respectively. Table 2 . The data of arcs for the 12-node problem
The experimental results are shown in Table 3 . In the 4PL operation, this means that when goods are to be transported from San Francisco (supply node O) to Boston (demand node D) with a reliability not less than 0.85, the best choice is to use Seattle (V1), Denver (V3), Chicago (V6) and New York (V9) as interim ports, and the 3PL providers with indexes 3, 2, 1,2 and 1 are chosen for the five links from San Francisco to Boston, respectively. Then they would finish it with the reliability 0.855. And it costs the 4PL company 154 to finish the entire job. In the same way, when goods are to be transported from San Francisco to Boston with a reliability not less than 0.90, the best choice is to use Seattle (V1), Denver (V3), St. Paul (V7) and New York (V9) as interim ports, and the 3PL providers with indexes 3, 2, 1, 3 and 1 are chosen for the five links from San Francisco to Boston, respectively. Then they would finish it with the reliability 0.918. And it costs the 4PL company 166 to finish the entire job.
From Table 3 , it can also be seen that when R0 is changed, the optimal route is different. The cost needed on the routes will be less with the requirement of a lower reliability level.
Therefore, the customers could select which R0 is suitable to choose according to their reliability requirements. I t can be seen that the solution obtained by Messy GA and EA is optimal and that Messy GA uses much less time than EA. The effect of NG on Messy GA performance is shown in Figure 4 . It can be seen that the when the iteration times are over 100, the solutions obtained by Messy GA remain the same. The results of convergence analysis
show that the Messy GA can converge to optimal solution.
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